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6 Apr 61, 60 pp incl {1llus, Ord Praj - Industrial Preparedness Measure.

Limited distcibution due to coding.

Studiea wvere made of various methods to develop a nondestructive test method for
segregating reczivers made from materisls other than the specified resulpburized
3620H atecl. FElectromagnebic tests, distribution studies, spectrographic results,
and metallurgical examinations of hardness and microstructure were made. The
tlectromagnetic mechod gave excellent correlation with spectrographic results.
Electromagnetic test m:thod was recoumended to segregate receivers made from
waterials other than the speclfied resulpburized 86204 steel.

Test procedures arc

descrided, and results discussed.
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Studies were made of wvarious methods to develop a nondestruc-
tive test method for segregating receivers made from materials
other than the specified resulphurized 8620H steel., Electro-
magnetic tests, distribution studies, spectrographic recsults,
and metallurgical examinations of hardness and microstructure
were made, The electromagnetic method gave excellent cor-
relation with spectrographic results. Electromagneiic test
method was recommended to segregate receivers made from
materials other than the specified resulphurized 8620H steel,
Test procedures are described, and results discussed,
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SUBJECT

Inspection of Receiverg for 7.02MM Ml4 Rifle by Electromagnetic

Mzihaods
OBJECT
1o develop a nondesitzuctive test method for segregating re-

vers made from matevyials other than the wipecified resulphurized
T steel,

SCOPE-

“he sagregation of mixed steels and the heat-treat variations
iz receivers wade from specified resulphurized 8620H material were
studied. »Rlzctromagnetic tests, distribution studies, spectro-
graphic results, and metallurgical examinations of hardness and
microstructure to correlata test results are discussed,

CONCLUSIONS

i An electromagnetic test method was developed which success-
ully segregated receivers made from spurious steels, The correla-
ory of the tegt method with spectrographic resulits was excellent.

]
1

£
&

. . : . 33 . . : !
2. Distribution studies of receivers made from specified materials .
indlcated a wide range in readings caused by variations in the heat-
txeal pirucess, C

" 3. A rest funstrument range of -40 to 440 was established for
acceptance of receivers made from resulphurized 8620H material based
on the studies made. Receivers of high nickel alloy material gave

a minus off-scale reading; receivers made of 1330 steel gave plus 85
o plus off-scale readings.

4, LElectromagnetic test readings, more negative than -40 on receivers
made from speeificd material, can be attributed ho:

a, Genervally soft receivers,
b. Scetions locally tempered or annealed,

c. Receivers tempered or retempered at relatively high temperatures,

5., Electromagnetic test readings, more positive than -+40 on receivers
made from specified material, can be attributed to generally hard
receivars {case and/ox core),
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RECOMMENDATIONS

1. The developed electromagnetic test method ghould be employed
to segregate receivers made from spurious materials,

Lo A >EYam )hould be undertaken to determine the feasibility
of applylng the electromagnetic method for in-process inspection
of receivers, In-process inspection could monitor heat-treat
pracedures dnd insuve that veceiver specification and heat~
treat vequirvements are being met,
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1.  SUBJECT

Nondestructive Inspection of Receivers for 7.62MM M14 Rifle
by Electromagnetic Methods,

2, INTRODUCTION
A program to develop a nondestructive test method for segre-
zaring ML4 raceivers (component drawing F779018%) manufactured
from fwpraoper nieel began in December 1960, This program was the
zesult of a receiver ruplturing at Fi. Benuing, Georgia, and a
" second such rupturing at a contractor's plant following the test
firing of one proof round. Chemical analyses revealed that the
tuptured receivers were fabricated from 1330 steel. Initial screen=-
ing investigziions uncovered a second mixed steel, an alloy con-
aining approximately 4 per cent nickel., The component speci-
ﬁtcatlon raguived fzbrization from resulphurized 8620H steel, The
britile behavior of receivers fabricated from 1330 steel neces-
srtated the development of a nondesgtructive test method for
separations and subsequent establishment of a segregation program
xt contractor plants and designated locations.

Watertow: Axscnal personnel assisted in the work of this
program; reported efforts were coordinated with then.

3. PROCEDURE

The problem appeared solvable by use of electromagnetic
meithods, Most of these methods require a complete specimen, with
the particular conditions to be measured as standards. However,
only small sections of ruptured 1330 steel receivers were avail-

able for initial tests. No assurance was given that this steel
repregented the sole spurious material. It was not considered
advisable to fabricate receivers made from 1330 material because
of the problem urgency, the time and expense required to fabricate
complete receivers, and the uncertainty as to materials which
might be mixed. The approach taken was to examine as large a
number of receivers as possible., Magnetic test methods cmploying
Magnatest F3-360, Magnetic Analysis Production Comparator, and
Magnatest EDP-500 equipment were used., Tests were concentrated on
veceivers from the heat lot producing the ruptured receivers.

The procedure invelved the recording of the serial number of the
receiver tested and the test reading obtained on each instrument,
All readings, such as amplitude, phase, and wave form harmonic
content wete reocorded.,  Recelvers indicating different magnetic
properties were then analyzed spectrographically. In January
1961, spectrographic results revealed that eight 1330 material
recelvers had been found.
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3. FROGEDURE - continued

The procedure was then shifted to obtain additioral test
data to determine 1f material differencescould be correlated
with electromagnetic test results, Magnatest FS~300 and Magnetic
Analysis Froduction Comparator equipment were used. Test read-
ings were venovded and receivers were analyzed spectrographically.
Frequency distgibution curves were made of electromagnetic test
raadings obtalned with the Magnetic Analysis Production Comparator
squipment. Distribution studies revealed wide deviations in
cerialn Lots of receivers wade from 8620 material, Metallurgical
investigations of hardness and structure were conducied to deter-
mina the cause of the deviations. The range of acceptance for
the test method employing Magnetic Analysis Production Comparatoy
eguipment was based on the results of these studies.

Yarious Lypes of spot tests were suggested and some were
tried as a possible means of effecting a separation. Most of the
philosophy was based on the expected quantities of certain ele-
ments in the 8620 steel as compared to 1330 steel, The presence
of residual alloy in the 1330 steel used, together with the
possibility that other spuriouz material might be involved, made
these methods unreliable, Watertown Arsenal proposed separation:
methods employing X-Ray Spectroscopy and neutron activation of
Manganesa. ‘

i, ELECTROMAGNETIC TEST METHOD AND EQUIPMENT

Magnetic properties of receivers were compared in the method
employed, Basically, effective permeability was compared. Lower
permeabllity was indicated in the positive directicz and higher
permeability in the negative direction.

The measuring equipment contained a 60 c.p.s. generator, a
palr of similar coils, an amplifier, filter and detector circuits
for indicating the resultant coil output voltage. Each of the
similar coil units contained a primary and secondary winding. The
primary winding of each c¢oil applies an a.c. magnetizing field to
any sample placed within the coil, The secondary windings are
connected in serles opposition so that only the difference voltage
between the two secondaries is measured by the indicator circuit,
When like samples with identical iragnetic properties ars placed
within the coils, the induced voltage in each secondary winding
is equal, and the resultant output voltage 1s zero. Tu the actual
test, a reference recciver was placed in one coil where it re-
mained throughout the test, Recelvers being compared were then
lnserted in the other coil and the reading noted.

B
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3, RESULTS

The reported results cover work performed by several sections
within Research and Materials Laboratories, Springfield Armory.
Results are reported under various headings because of the com-
plexity of the study. :

a, Juvestipgations on Fractured Receivers
TR

Chemical and metallurgical data cempiled on fractured re-
neivers, "Code OH" L9478 and "Code HG" 732%3, are shown in Tables
1 and 2, These receivers were found to be made from 1330 material.
Damaged receivers and receiver fractures are pictured in Figures
t~4. A photomicrograph of the structure in "Code RHG'" receiver

73293 is shown in Figure 5.

TABLE 1

Chemical Data on Fractured Receivers

Alement Specification Regulrement "Code OH" ""Code HG"

86201 19478 73293
Carbon 0.17 - 0,23 0.30 0,31 0.30 0.31
Manganese 0.60 ~ 0.95 1.79 1.81
Silicoxn 0,20 - 0,35 0. 29 0,20
Sul fur 6.035 - 0,050 | 0.041
Phogphorous « 040 max, 0. 054 0.054
Chromium .35 - 0.65 0.20 0.20
Nickel 0,85 - .75 0.14 0. 14
Molybdenum 0.15 - 0.25

-6~
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5. RESULTS - Continued
TABLE 2

Metalinrgical pata on Fractured Receivers

T i {uepﬁh Microstructure o
Recelver o Core | of Free Upper Martensite| Lower
Number 7y 1T Rg | Gase Ferritel Bainite Bainite
Spocified 61-6% |31-42 1,012-,018 10 max.
[

fgode O 65-69{51-53 L OLl6-, O?Oi <3 : None 50¢ 50

19478 : ?
Hoode WM A0LTOIS3-52.5 L6 ] <5 ‘ None 50 50

b, Electromagnetic Test Investlgatlons

Test data were gathered at contractor plants employing

‘Magnetic nnﬂi r51s Production Comparatcr, Magnatest FS-300, and
Maegnatess ED-500 aguipment, Tests conducted with the MA Pro-
duction Comparator {uwoting amplitude, phase, and wave form
harmonic conient when using all frequency selection and high
sensitivity) resulted in the discovery of 1330 material re-
ceivers, Data sheets recording recelver serial numbers,
electromagnetic Lest readings, and spectrographic results on
receivers are shown in Appendix A, Initial Screening Studies,
Recelvers made of 13X material had high plus readings and wave
form contained all third harmonic content with and without phase
shifts on MA equipment, Recelvers made of 86XX material showed
for most part third and fifth harmonle contents with most read-
ings less positive Lhan noted with 13XX material receivers. A

voup of 86X¥ material receivers gave high plus readings on MA
equipment but were shown to differ widely in phase on the
Magnatest F5-300 equipment.

Results on imitial screening studies indicated method
feasibility but additional study was required to determine whether
carrelation actually existed between the test method and the
naterial sepavation, Add1t101al ‘studies were also required to

determine whelhey best possible frequency and test set up were
being usad, Test development studies were thus undertaken em-
ploying MA eqguipment, Appendix B shows data sheets on gathered
information. Studies showed that a better separation was ubtained

employing 60 cycle rather than all frequency operation, Sensitivity
was set to give high oif-scale plus readings for 134X material
reccivers,  20%X material receivers which in initial screening

vad wiven hagh plus recadings comparable to the 13XX moterial
wioncygoe s oreatey Chan +3%.  High nickel alloy material
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vave 9% yeading with a large phase shift. 86XX material showed

; tive veadings as high as -100 off scale but with phase shifts

E¥s bf;&r as with the high nickel material. Photograghs of
fpment, metcr readings, and scope patterns are shown in

"7

.‘ v O arnd

meviug the inve atipation, tests were conducted on parkarized
arkerised veceivers. This condition did not change results
hly. TBoth assewbled and unasseumbled receivers were tested,
in readinps were noted with barrels, rear sights, etec.,

4. The depree of retained mapgnetism greatly affected test

. The greatey the magnetism was, the more plus the reading.
B ?1a16 intensity meter was employed to check for magnetism be-

‘or: testing. Effects of retained austinite and temperature on
wrg wb Lust had little effect on results. Studies of effects
cying and retempering receivers are reported in a following

<. Spectrographic Analyses

Agsurance ol a high confidence level in the material

separarion necessitated the spectrographic analyis of many more

s after the test development studies, The whole lot of re-
celvers containing spurious material was examined, Electromagnetic
tests were first conducted and readings recorded. Then, each re-
v 4n burn was analvzod specirographically. Spectrographic
previously compiled and shown in Appendix B and the re-
r ob the lor, data listed in Appendix C, confirmed the
ation. Spectrographic vesults gave 100 per cent correlation
iectromagnetie test results., A total of 543 were analyzed
X series, 10 as {3¥X series, and cne as high nickel alloy.
cus wagnetlic teste resulted in an identical breakdown on the
samy recelvers,

. pistribution Studies

pata compiled on 554 YCode HG' receivers from Lot B were

to give a grequency distribution of electromagnetic test

: 5 (Chart 1), additional plots of frequency of readings on
L0 jlanrxln]d Atmory vecelvers and 180 'Coda HGY recelvers taken
from delivered weapons and representing diffexent heat lota,

ave shown in Charts 2 and 3.

Bistribution on the 554 '"Code HG" receivers from Lot B
Limsely rescmbled chat obtained on the 100 Springfield Armory re-
L ioto displayed a range of primarily -40 to +40
~ibution for “Code HGY receivers shifted

il

Reproduced from
best available copy
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5. RESULTS - Coatinued
slightly wegaiive and the Springfield Armory receivers shifted
slightly posikive, Wide deviation in distribution resulted on
rhe 183 conitractor gecelvers from various heat lots, (Greater
;mtlLﬂf w2we predowinant; a large percentage fell out-

ding, particularly in Losts C and E.

S I

teddurpical Investigaticons

“he cause of the wide deviation noted in the distribution
gtudy on the 180 '"Code HG" receivers was investigated., Electro-
magnekic test readings were recorded on approximately 25 known
3620 wmaterial receivers which gave various negative readings.
Hetaliurg investigations comprising surface and core hardness
mCHLUEQﬂeutS, structure examinations in various areas, and esti-

marss of case depth were made, A receiver and sections from which

direct core Rockwell C measurements were made are shown in Figurie 8,
pata on surface and core hardness measurements in the pictured
areas are tabulated in Table 3, Miecrostructure and case depth
stimates for three areas are shown in Tables 4-6., Additional
hardness data, Rockwell A plus conversion to Rockwell C in these
arcas are also shown.

o

D

Caution must be exerxrcised in the exact interpretation
of the magnetic instrument reading. The instrument is not capable
of determining the actual hardness in any specified area, e. g.,
the lug secticn. 1t averages the conditiens prevalent in the
material whieh is within the field of the coil, Metallurgical in-
vestipations indicate that as the test reading becomes more negative,
havdness generally decreases., Significant infermation is obtained
by comparing hardness in identical sections, such as area A, B, etc.,
because section sizes vary widely, In the receiver lug section
{area (), test readings more negative that -40 generally show
Rockwell € hardness below €30, The hardness specified for this
area 1s Rockwell € 31-42, Hardnesses were obtained which were 10
to 15 points softer in other sections of these receivers.

Investigations revealed that material alterations were
detected in the magnetic test, Metallurgical examlnation of re-
ceivser 71980 revealed localized tempering or annealing. A photo-
micregraph ¢f an area within this receiver is shown in Figure 9,
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f.  Retempeying ITtudy

Test yeadings were greatly changed when receivers were re-
tempered from theiy initial treatment, The results of this study
sve shown im Table 7.

On initial retempering at 40C°F, electramagnetic test
readings were changed 8§ to 15 points in the negative direction;
second retempering at 400°F changed readings 3 to 5 points further
negative (see Table 7). On retempering at slightly higher tempera-
ture (425°T), readings were altered 8 to 12 points more in the
negative direction. Readings changed radically to -off scale when
vetempered at 500°F. Two additional receivers were retempered
directly at 500%F. Each gave readings of -off scale. This indi-
cated that this tempering temperature was critical to the test read-
ing., In the previous studies reported, negative readings beyond
-40 had indicated generally softer receiver hardness or locally
treated receivers, This investigation now indicates another pos-
sibility for high negative readings.

-10-~
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Receiver Tesgt Results

Initial Screening Studies

~11-
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Moode HC" Receiver . Magnetic Analysis Magnatest Spectrographic
Identification Production Comparator F5-300 Analysis
Amplitude Phase and Amplitude  Phasz
Harmonics
71264 +100 All 3rd 4.0 45 13XX
71974 +i00 All 3rd 3.8 35 13X
69121 +100+ All 3rd 4,0 50 13XX
900 P.5
73761 +100 ALl 3rd 3.8 40 13XX
71927 +100* 207 2.8 3.9 40 13XX
72929 +100% 907 5.5- 3.8 40 13%%
74238 +100+ 837 .8, 3.7 40 13X
74486 +100% 900 oo 3.8 45 13%X
66979 L T T 70 86xx
66117 +100% Sone 5id, Sth 4.5 70 B6XX
71944 +95 All 3rd 4.3 65 86XX
71918 +80 All 3rd 5.3 65 86XX
69289 +75 All 3rd 4.3 70 86XX
69777 +50 All 3rd 4.3 60 B6XX
71364 0 All 5th 4.9 85 86XK
71384 +15 All 5th 4.8 80 86XX
73828 +15 All 5th 4.4 75 86XX
72461 +10 All Sth 4.7 80 86XX
74166 0 All 5th 4.7 80 B6XX
66628 +5 All Sth 4.9 80 86XX
73077 40 All 5th 5.2 80 86XX
73023 -10 All 5th 5.2 85 B6XX
66457 -10 §§f°§§a N 80 86X
66486 -35 Stronmg, Sth 4 80 86XX

Slight 3rd

~] 2~
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~-13.

de HG™ Recelver Magnetic Analysis Magnatest Spectrographic
antivication Production Comparator F5-300 Analysis
Amplitude  Phase and  Amplitude  Phase
~ Harmonics
O0LG +25 Strong 5th 4,6 80 86XX
7565 -20 Strong 5th 5.2 85 B6XX
67206 +80 Some 5th 5.2 90 86X
67529 -4 Strong 5th 5.2 80 86XX
75186 =40 Strong 5th 5.2 86 86XX
73201 ~40 Strong 5th 5.2 80 86XX
13148 ~60 Strong 5th 5.5 85 86XX
3227 =55 Strong 5th 5.5 85 86XX
73003 =70 Strong 5th 5.2 90 86X
13132 -0 Strong Sth 5.2 90 86XX
73187 =50 Strong 5S5th 5.2 85 B86XX
72191 ~33 Strong S5th 5,3 30 86xx%
73171 -25 Strong Sth 5.2 85 86XX
70578 -90 Strxong 5th 5.2 85 B6XX
68785 +5 Some 5th 4.7 80 86XX
64240 0 Slight 5th 4.7 80 86XX
631 wf? 909 p.5,
H8171 B0 Slight Sch 4,0 80 86X
68112 -90 909 F.5 4.5 75 B6XX
Some Sth
72041 ~50 900 p,g, 5,3 B85 86XX
Strong 5th
56030, - 9Go P.S5,
66007 60 A ight 5,2 85 86XX
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“"Gode HG'" Receiver Magnetic Analysis Magnatest Spectrographic
Identification Production Comparator FS~300 Analysis
Amplitude Phase and  Amplitude Phas .
Harmonics
66877 40 ng;;tpggﬁ 5.8 90 86XX
64948 ~90 90° .35, 4.7 80 86XX
73252 -60 90° p.S. 4.5 75 86XX
67292 -60 90° P.S. 4.3 70 86XX
67512 -100 90° P.s. 4,5 80 86XX
73591 -90 90° P.S. 4,3 70 86XX
73319 Offlggale 90° p.S. 7.0 105 86XX
73334 Off Bcale 900 p g, 7.1 105 86XX
71408 0ff Scale No P.S. 2.8 107 Not 13XX or 86XX
~100 No 5th High Nickel
72037 ¥ All 3rd 5.2 90 86X%X
70910 =40 All 3rd 5.7 100 86XX
67750 +5 All 3rd 5.2 90 86XX
69134 0 All 3rd 5.2 85 86XX
69327 -10 All 3rd 5.2 95 86XX
68746 -10 All 3rd 5.2 85 86XX
73208 -15 All 3rd 5.2 85 86XX
71150 -10 All 3rd 5.3 90 86XX
72895 -16 All 3rd 5.2 85 B6XX
65871 -15 All 3rd 5.6 90 B6XX
66515 “5 All 3rd 5.0 80 B6XX
66923 -30 5,2 85 86XX

All 3rd
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"laode HE" Receiver Magnetic Analysis Magnatest Spectrographic
idantification Production Comparator FS=300 Analysis
Amplitude  Phase and  Amplitude Phase
Harmonilcs
67280 ~10 All 3rd 5.5 90 B6XX
67430 +20 All 3rd 5.3 85 86X¥
73765 -60 All 3rd 5.7 100 86XX
67569 =30 All 3rd 5.7 95 86XX
5 - 900 PISI W
BELAS 100 No 5th 4.9 80 86XX
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SA-TR19-1505
"Code #G” Recediver Magnetic Analysis ®roduction Comparator Spectrographic
Jdentification Amplitude Phase Analysis
71244 +105 i3xx
0ff Scal

71974 T166°¢ 13%x
69121 +95 13xx
g g Off Scale
3751 13
3761 *100 XX
71927 Off Scale

£100 13xx
72929 Off Scale 13%%

+100
749238 0ff Scale 13nx

+100
74486 0ff Scale 13xX

+100
66979 . +39 SPS 86XX
66117 +33 SPS 86X
71944 +30 86XX
71918 +25 ' 86x%X
69289 +25 86XX
659777 +23 86XX
71364 -15 86xx
71384 +15 P.S. 8LXX
73828 +5 86XX
72461 0 B6XX
74166 ' 0 86XX
66628 -8 86XX
713077 =25 BO6XX
73023 -14 86XX
66457 0 SPS B6XX
66486 0 SPs 86xx
70040 -2 86Xx
67565 -22 86XxX
67206 ~11 86Xx
67529 -27 ‘ 86Xx
/1186 -20 86xx

-17-
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SA-TR19-1505
1w AG" Receiver Magnetic Analysis Production Comparator Spectrographic
rptd fication Amplitude Phase Analysis
73201 -20 B6XX
TG ~46 B6XX
BN ~48 86EX
RN -0 ‘ 86X
FaTan ~38 86XX
EERLtY) ~35 86XX
i3151 -32 86XX
73171 -27 Boxx
058 -50 862
GRIGS ~13 SFPS 86XX
59240 -12 SPS 86xx
GLlV -12 B6XX
A -22 86XXK
73041 -33 86XX
(HLGT -30 864X
66877 =55 86XX
L4348 ~10 B6XX
i3252 0 86XX
67292 +5 B6XX
$7512 -20 86XX
73591 0 86Xx%
/3319 Offlggale 86XX
75334 Off Scale 86XX
71408 -100 Large P, S, N°§iéﬁx§12§6?6"x
75037 -30 86Xx
70910 -56 86xX
67750 ~16 BoXX
69134 =25 86XX¥
£9327 ‘ ~35 86XX
6ETAG «25 86XX
-18.

Reproduced from
best available copy
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"Code HG" Receiver Magnetic Analysis Preduction Comparator Spectrographic

Tdentification ' Amplitude Analysis
73208 ~-18 86xx
71150 -27 86xx
72895 =30 86XX
65871 ~30 86xX
66515 ~16 : 86xx
56923 -35 B6XX
67280 ~35 86XX
67430 -13 86XX
13765 -55 86XX
£7569 =46 85KX
60145 -30 86XX
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SA-TR19-1505
“ede HGY Recelver  Magnetle Analysis Magnatest Spectrographic
facobiflcation Production Comparator FS-300 Analysis
Amplitude Phase  Amplitude
F0091 ¢ SPS 0 86)X
69963 0 SPS 0 86XX
TGL20 o SPs Y 86xx
65788 -2 SP3 0 86xx
69470 -~ SP3 +1.5 B6XX
72373 - SPS +0.5 86xx
Tiiih 0 5PS ¢ 86%XX
69906 -5 SPS +1.5 86xx%
69995 -3 SPS +1 86KX
65968 0 5P5 0 8EXX
59923 ~12 8PS +2.5 86XX
Ta077 -5 SPS +0. 5 86XX
70074 ~10 SPS +1.5 86XX
054 0 8PS 0 BOXX
70093 +2 5rs -1 86XX
64096 it -1 86xx
69902 -8 SPs +1.5 863X
69924 -4 0 86xX
59727 +8 5PS ~Z.5 B6XX
69779 +12 3PS ~2.5 B6XX
69785 +19 SPS ~3.5 B6XX
63787 +2 SES -1 56XX
69793 +13 SPS -3 86XX
69801 0 SPS -1 86XX
69804 0 5PS -1 86XX
69825 -6 +1 86XX
69114 -3 0 86Xx
66773 +2Q 5PS -3.5 86xx
72062 +1 SPS -1 86XX
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"cadse HEGY Recelver  Magnetic Analysis Magnatest Spectrographic
Tdentifleation Production Comparator  FS$-300 Analysis
Amplitude Phase Amplitude

 a8453 -7 sPS 41 86XX
H8543 ~9 SPs +1.5 86X¥
Y348 425 SPS -3.5 86XX
71672 +26 8PS 4 86xx
48079 +2 5ps -1 86XX
£9965 -5 +1.5 RHXK
2013 +40 SPS -5.5 Bexy
73251 -4 SFS G BOXK
AA167 +40 SPS ~4.5 86XX
73088 ~20 +3.5 86X¥
71258 «6 +1.5 86XX
72790 =52 8PS +7 86XX
719494 +39 B3 =4, 5 B86XX
12468 -22 +4 86XX
£5069 420 SPS -2, 5 86XX
73084 Offlggale 3P3 Off+Scale 865X
7144973 +60 -6.5 86XX
69957 Offlggale $PS 0ff+Scale 86XX
67039 +45 -5 B6XX
71984 Offlggale SPS 0ff+5cale 86XX
69154 -17 SPS +2.5 86Xx%
72382 0 8PS 0 86Xx
73031 ~30 SPs +4 86X
67196 -10 +1.5 86XX
67906 -24 3PS +3 Baxx
68254 -2 SPS 0 86¥X
67456 -5 5PS +1 B6xx
74031 +11 8Ps -2.5 B6XX

-~



REPORT

5A-TR19~1505
Magnetle Analysis Magnatest Spectrographic

Production Comparator  F3-300 Analysis

L fmplitude Phase Amplitude
Hia61 0 SPS 0 86XX
67241 -5 SPS 0 861X
) -6 SPS +1.53 86%X
£4326 -23 +3.5 86¥%
&806Y -6 SP5 +1 86KX
§7754 +2 -0,5 8eXX
47630 -7 SPS +1 B6XX
55257 ~17 SPS +2 86XX
H4233 -5 5PS 0 86XX
GA2LG +5 SPS -1 86X%%
56250 +4 SPS ~1.5 86xx
5642 -8 SPS +1.5 86Xx%
wd R -15 SFS +2,5 86XX
6666 ¢ SP3 -0.5 86xx
06495 +7 3PS -1.5 : 86xx
65113 + SPS -1.5 86xX%
68720 -6 +1 86XX
67635 ~11 +1.5 B6xX
69339 -16 +2 86XX
L5867 : +2 SPS -1 86¥X
73797 ] 5PS -1 86KX
70450 +2 5PS 0 86XX
73612 +4 5P8 +1 86KX
€8816 -2 5pS +1 86XX
66076 -32 +4 B6XX
68627 -10 +2.5 86Xx
2994 ~40 SPS +b 86xx
71687 +15 5PS -2,5 56XX
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foode HGY Recelver Magnevie Analysis Magnatest Spectrographic
tdentification Production Comparator F3-30C Analysis
Amplitude Phase Amplitude
D8G25 ~12 3PS +2 B6XX
PLLY 0 0 B6XX
Coaid -5 5Ps +1.5 B6XX
IEERY; +7 -1.5 86XX
(952 -2 SPS 0 86XX
70707 -2 SPS +1.5 86XX
10710 -5 +1 B6XX
70646 -2 +0.5 1) 04
10643 0 0 86xx
064 -6 SPS +1 86XX
728 -6 SPS +1 86XX
10807 -1 8PS 0 86XX
JGi93 -2 SPS S0 86XX
70689 -2 0 86X%
10783 +2 SPS -1 86XX
70778 0 SpS -1 864X
70666 -2 SPS 0 B6XX
70662 0] +0. 5 B6XXK
70733 0 SPS -0.5 86X
70653 ~12 S5PS +2 86XX
67884 +10 SPS «2.5 86Xx
67287 -2 0 86XX
£7230 -3 +1 86X%
73209 ~16 +3 86XX
70583 -2 +1 86XX
72974 0 0 86XX
71900 +3 0 863X
71802 +30 ~3.5 86XX
73948 +23 SPS -4 86XX
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REPORT

SA~TR19-1505
“ode HG' Receiver Magnetic Analysis Magnatest Spectrographic
veentifloation Production Comparator F8-300 Analysis
Amplitude Phase Amplitude
RRREEeTY: 3 -1 96X
73347 +16 ~-2.5 B6XX
53287 -2 +1 ~ B6XX
74359 +18 5PS ~3.5 86XX
13965 +2 ~0.5 86XX
735138 =25 +4.5 86¥X
48174 -2 SPS +1 86XX
68376 -8 SPS +2 8H6XX
67251 ~10 SPS +1.5 86XX
63416 +12 SPS -2.5 86XX
67403 -2 40,5 86XX
73765 ~-13 +2.5 d6xx
10363 -5 5ps +1.5 86XX
AR2ES -5 +1.5 86Xy
64845 -2 +1 B6XX
68846 -3 +1 B6XX
69256 -2 +1.5 863K
69270 -18 SPs +3.5 86XX
#9575 -2 SPS +L.5 B6XX
68261 0 SPS 0 86XX
57485 <7 SPS +1.5 8631
71848 +14 -2.5 B6XX
70081 ~1 SP3 0 86XX
71004 -9 SPS +1 86XX
71309 “3 0 86X}
73644 0 SpPs 0 86XX
14254 +5 -1 86XX
72673 ~10 +1.5 86X%
71916 +30 -4
67547 +4 -1

"5
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"Gode HG" Receiver  Magnetic Analysis ‘Magnatest Spectrographic
Identification Production Comparator F$-300 Analysis
Amplitude Phase  Amplitude
70706 -14 +1. 8 36XX
59828 0 -1 86xx%
645329 -3 H 86XX
69842 -2 0 86XX
59861 -1 0 86Xx%
AORES -2 +1 86XX
71037 V] SPS -0.5 86XX
68941 +2 -0.5 86XX
69142 0 0 86xx
56874 ~13 +2.5 86xx
68700 o SPS 0 36X
58329 +1 SPS -0.5 86XX%
70069 -10 SPS +1.5 86XX
65637 -2 +0.5 86Xx%
69537 -3 SPs +0.5 86xx
69173 +3 ~0.5 B6XX
70800 -2 0 86XX
70587 -10 3PS +1.5 86Xx%
69690 +2 SPS -1 BoxxX
68205 ' +1 SPS -0.5 BEXX
68911 -2 0 Baxy
70836 -1 0 8exx
70842 +2 -1 86XX%
70847 0 0 86%%
70867 -12 SPS +2 86%X%
70869 -8 SP8 +1.5 86X%
70881 +h SPS -1.5 86xx
70856 -0 5Ps 0 8oxx
70898 +2 SPS ~1.5 36X
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“Cude HG' Recelver Magnetic Analysis Magnates: Spectrographic
Tdencification FProduction Comparator F5-300 Analysis
- Amplitude Phese Amplitude

70899 -l SPS 0 86XX
70912 -7 SPs +1 86XX
70932 ~1 0 86XX
70936 +5 SPS -1.5 86X
/1003 -4 SPS 0 BoXX
71031 +1 SPS -1 86X%
71025 e SE3 ~1.5 H6XK
14273 0 5PS -1 86XX
662806 -4 SPS 0 86%%
72485 -30 +h J6XX
66247 44 1.5 86X%
65957 -30 8PS +4 86RX
64673 +3 8PS ~1.5 86xXx
66867 -12 SPS +1.5 36X%
67213 ~1 0 86XX
H1lh2 ~5 SES 0 86X
ThNG -2 SPS -1 86X
70852 +/ SPS -2 86XX
71921 +4 8PS ~-1.5 86XX
74308 -2 SPS 0 86K
73860 +2 S5P8 -1.5 86XX%
69380 - -4 3PS 0] 86%X
68732 -5 +1.5 86Xx
69190 -5 SPS +1.5 B6XX
£9230 -2 5Ps 0 J6KK
Hu282 +2 8PS 0 86XX
69296 +7 SPS ~-1.5 86xX
£9300 +2 SPS 0 86X
69557 -9 3PS 3k 86xx
68706 -7 +1.5 BORX
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"Code HCG" Receiver Magnetic Analysis Magnatest Spectrographic

identification Production Compaxator F5-300 Analysis

Amplitude Phase Amplitude

68794 +£2 0 B6XX
68649 -18 SPS +3 86x¥
68834 0 575 -0.5 BoXX
53910 ~10 SPS +2 86xX
88949 -5 5PS +1 80XK
63979 -4 SPs +1 2133 & 4
69081 +6 -1 B6XH
70892 -6 SPS +1.5 B6XX
70574 -2 +0.5 86XX
70883 +2 SPS ~1 863X
70922 -2 +0.5 : 86X
70927 -3 +0.5 BoXX
10750 -5 +1,5 B86XX
6747 -17 SP§ 43 863X
70591 -5 SPS +1.5 BoxX
70066 -12 SPS +2.5 86XX
70145 -11 SPS +2.5 86XX
736295 -8 SPS +2 86X%
72007 0 5PS +0.5 86XX
68970 +2 SPS5 +0,5 86%X%
71161 +2 PS 0 BOXX
70476 -12 3PS +2.5 86XxX
70613 ~12 578 +2.5 86X%
70614 0 0 86XX
70620 -17 SPS +3 Boxx
70625 -10 +2 doxx
70632 -10 SPS +2 86X
70405 -8 SPS +1,5 86XX
70470 -4 +1 86Xx
10415 0 8PS ] 86xx

-28-
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"Code HG' Receiver Magnetic Analysis Magnatest Spectrographic
Tdentification Production Comparator F3-300 Analysis
Amplitude Phase Amplitude
tHIAY! ~4 SPS 1 86X
70401 0 SP3 0 86XX
7399 -11 5P5 12 B6XX
10347 -13 3P3 +2.5 86XX
TG570 - 14 SP3 +2.5 86¥X
70485 -5 3PS5 +1i.3 o s¥ 44
70599 ) S¥s +1.3 86X%
71506 ) SPS tle5 86XX
72015 +4 -0, 58 86XX
71550 «10 SPS +2 ‘ 86XH
71354 115 SPS -2 86xx
71928 +9 5Ps ~-1.5 B6XX
71042 +5 SPS -1 B6XK
J1064 0 SPS 0 BEXX
71075 +2 0 86XX
71337 -6 +1 REXK
71386 -16 5P +2 B6XX
71437 -3 SB35 +1 B86XX
7i453 -5 +1.5 86XY
71486 C 3P3 0 86X
71500 ~7 SPS +1.5 86XXK
71504 0 SPS Y 86XX
73505 +3 0 BoXX
69427 - 45 +3.5 86XX
71235 ﬁfilggala 14 13%%
70575 -7 +2 86KX
68020 +10 -1 86X
70698 +95 ~10 13XX
14062 +5 0 86xx
£8994 0 +1 110,94
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"Code HG'" Receiver  Magnetic Analysis Magnatest Spectrographic
identification Production Comparator FS-300 Analysis
Amplituds rhase Amplirtude
73852 +15 -2 85XX
67617 0 +1 86XX
65383 ~20 rg +3 B6XX
568672 ~12 +2.5 86XX
74312 =12 +2.5 861X
71180 +5 0 86XX
56762 ~-15 +3.5 86xx
68849 +2 SPs -1 86XX
69890 -2 8PS 0 86X%
69605 +3 SPS -1,5 86XX
69272 4 SPS -1.5 86XX
59571 0 SPS -1 B6XX
69321 0 SPS -1 86Xx
704956 +20 -3 BBXX
710055 ~10 +1.5 86XX
67008 +23 3,5 86X
70413 -7 SPS 0 86XX
67885 ~-10 SPS +1 86XX
68907 -6 SPS +1 86XX
68874 +2 SPS ~1.5 86XX
67362 ! +2 86XX
70420 -4 5PS +1 86XX
72364 +3 -1 , 86Xx
71583 +36 4.5 86XX
74032 +30 SP§ -4.5 B6XX
74492 +20 -3 86XX
72351 +16 3PS -3.5 B6XX
74182 -2 0 86XX
71361 +2 ¢ B6xX
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“Uode HGT Recelver Maguetic Analysis Magnatest Spectrographic
wdantiflcation Production Comparator F5-300 Analysis
Amplitude Phase Amplitude
71887 -3 +1 BOXX
SAse +8 -1.5 86XX
VG110 « b +1 86xXX
sI6t3 -7 +2.5 B6KA
BT854 -2 +1 86XX
74933 -33 +5 8oXX
10039 +2 -1 B6XX
68380 -26 +h 86XX
70529 ~-15 SPS +2 86XX
70555 0 0 B6XE
A AN D 3PS 0 86Xx
PE05 -2 0 111 ¢4
F0292 -3 SPS 0 B6XX
70283 0 0 86XK
70261 -6 +1 86XK
0815 0 0 86XX
JoL61 -2 SPS 0 86X
0196 -7 8PS +1 1133 ¢.4
70180 0 SPs -1 86XX
0172 O SPS -1 B6XX
70152 0 0 86XX
70135 -2 0 85xx
710137 0 0 86XX
659268 -24 SPS +3.5 36X
71606 +3 SPS -1.5 86XX
64899 ~13 +1.5 86XX
63606 -6 +1 86XX
66270 +22 SPS -3.5 86XX
HBY44 ~16 +2.5 861K
68001 -22 SPS +3 86XX
69986 -8 SP§ +1.5 BOXX
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"Code HG" Receiver Magnetic Analysis Magnatest Spectrographic
Identification Production Comparator F5-300 Analysis
Amplitude Phase Amplitude

71710 +11 5PS -2.5. 86XX
69322 -57 SPS +7 86XX
69504 -20 SPS +3 86XX
A8780 -12 SPS +2 86XX
67377 -2 SPS 0 86XX
71287 -6 SPS +1 86XX
71586 . !+l7 SPS -3 86xX
69318 “b e SPS +15 86x%xX
69023 -8 T aepg +2 . BoXX
69240 -2 sPs +1 . 86%X
99320 +3 SPS 0 86xx
69030 0 SPS 0 g6xX
69125 -3 SPS +1 86xx
649131 -h +1 86XX
68571 -5 +1 86XX
69316 -7 SPS +L.5 86xx
67558 -18 +2.5 B6XX
66809 +4 SPS -2 B6XX
66572 ~-10 +1.5 86xXX
68543 0 SPS 0 86%X
68352 +2 SPS 1 86xx
67737 -6 SP3 +1.5 86X%
68638 -9 SPS +1 86Xx
69442 =3 0 86XX
69429 -8 SPS +1 86xx
68043 -8 3PS +1 B6xx
71316 -5 $PS +1 86XX
69452 0 SPS 0 86XX
66746 +9 SPs 2 86X
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“roda HG' Recedlver  Magnetic Analysis Magnateat . Spectrographic
Taenil fieation Production Comparator F5-300 Analysis
Amplitude Phase Amplitude
v“lkl 2 +10 SpsS -2.5 86XX
angh g ~ 16 398 +2 115504
7LD -10 sPS +1.53 86X
aE915 +3 5P8 -2 86XX
L5772 ~12 SPS +2 86XX
68533 -2 53PS 0 86XX
61413 -2 0 86X
089462 0 SPS 0 86K
59505 ~2 +1.5 86xX
ERNACY] ~33 SPS +5 86xX
/1988 +18 -2.5 B6XX
713886 +25 -3 86XX
TLERG +28 J -4 BoxX
73.034 +25 SPS -2.5 86XX
33178 ~25 +4.5 86x¥
L7707 +43 Ps ~5.5 86XX
73009 +H -1 86XX
73053 +3 0 86XX
69047 -32 SPS 5 BEXX
71380 +2 5PS 0 863K
74489 +20 -2,5 86XX
71718 +18 -2 86X%
7574 ~3 +1, 5 BOXE
56871 ~32 SPS 4,5 B6XX
70416 -32 SPS +4 B6XX
70087 -3 SPS 0 86X
66340 +10 SPS -1.5 B6XX
73111 ~35 SPS +4. 5 86XX
73952 +12 528 -2.5 86XX
13124 ~36 SPS +.5 86XX
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‘'Code HG" Receiver Magnetic Analysis Magnatest *Spectrographic
identification Production Comparator FS-300 Analysis
Amplitude Phase Amplitude
69507 -28 SP3 +3.5 86Xx
£8258 +2 Srs ~1 86Xx
6625 ~6 +1 86XX
7299 -2 3PS -1 J6XxX
/1970 +28 Srs -4 86xXx
71844 +20 5PS -3.5 26XX
72397 +5 SPS -1.5 86xxX
13094 -12 +2 86xXx
73660 -13 SPs +1.5 a6xx
73915 -8 8PS +2 86XX%
68861 -10 SPS +1.5 86XX
72947 -39 sps +5 86Xx
58223 -3 5PS 0 86XX
£7451 ~5 +1 86XX
656638 -11 +1 86XX
73743 -2 8PS 0 8oXK
67262 -12 sps +2 86xX
63332 -36 PS +: S6xx
59020 ~-18 SPS +2,5 doxx
72682 -1 6 86XX
69467 -25 8PS +3.5 86xX
67426 -8 +1.5 86xx
07788 -20 Ps +3 86XX
67278 -2 5Ps 0 86X
70664 ~13 +2 86xx
71219 ~15 5PS +2 86RX
68815 +8 SPs -1.5 86XXK
63632 ~5 5P5 0 86X
70050 0 Ps -1 363X
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Yicde HEY Receiver  Magnetic Analysis Magnatest Spectrographic
TaAnnied foation Production Qomparator F5-3C0 Analysis
Ampli tude Phase  Amplitude
FGi87 =10 5PS +1.5 sy 04
-3 SPS 0 BHXX
-13 SPS +2 BoXK
+8 SPS ~2.5 Boxx
+4 5P8 ~2 86EX
1310 16 SPS +2 1.4 ¢
6930 0 58 0 36xY,
68825 4] $PSs 0 B8x%
679493 -7 5PS +1 B6XK
0 0 86xx
, ~-15 3PS +2 861
SR +11 SES -2.5 15344
LELBE -6 SPS +1 361X
BALNT -2 0 36XX
ABL2G -8 5PS +1 86XX
68619 0 SPS 0 86XX
71441 -3 SPS o 86EX
IR +3 SPs -1 86¥%
L8483 +2 S5PS -1 86xx
58415 +2 SPS -1 d6Xx%
70684 «10 +1.5 86XX
70897 +& SPS -1.5 86XK
71015 -6 SPS +0.5 86¥X
71zl -8 SPS +1 8ex¥
3950 -3 SPS 0 : g6xx%
69138 -3 SPS 0 d6x¥
#9136 -2 0 864X
69139 -6 +1 B6xX
56140 +2 -1 86X¥
72058 +16 -3 86HK
71549 0 0.5 BEXE
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“Code HG" Receiver  Magnetic Analysis Magnatest .Spectrographic
fdentification Production Comparator FS-300 Analysis
Amplitude Phase  Amplitude
F2043 +4 -1.5 86XX
72009 +9 -2.5 86xx
58024 -4 SPS 0 86xx%
52005 +2 SPS -1 86XX
52000 ~1 5PS 0 86XX
69552 -5 SPS +1 86XX%
69455 -8 SPS +1 B6XX
59317 -12 SPS +2 86Xx%
69275 «5 SPS +1.5 863X
59251 -30 SPS +4. 5 86XX%
7004 -18 SPS +2.5 86XX
R +2 SPS -0,5 86XX
a9 ~16 SES +2.5 86Xx
09652 ~37 SPS +5.5 8exx
£6549 -3 0 86XX
66656 =12 +2.5 86%X
66862 ~-18 +2.5 86X
57518 0 SPS 0 86XxX
Hi856 -11 +2 86XX
66948 +14 SPS -2.5 86xx
66163 -3 SPS +1 86xx
658790 +7 -1 §6XX
66803 ) +1.5 B6XX
70303 ~16 SPs +2 86Xx%
70053 +10 -1.5 86XX
70112 -1 SPS -1 86Xx
0G4 1 +1 SPS -1 86XX
70061 -8 SPS +1, 5 86xx
69242 -2 3PS 0 86XX
58256 -5 SP3 +1 86XX
68715 -3 0 86XX
70716 -5 SPS§ 0 86XX
JU6RG ~10 +1 Bé6xx
f1a32 -8 +1,5 BGXX
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"Code HG" Recelver Magnetic Analysis Magnatest 'Spectrographic
{dentification Production Comparator F5-300 Analysis

_ Amplitude Phase  Amplitude

69985 -5 o 86XX
69863 «5 SES +0,3 86XX
Hy818 0 5PS -0.5 86X%
59959 -6 SPS 0 86%X
09484 =]1 M +1.5 86XX
©9593 -3 SP3 0 86XX
69512 -2 0 86XX
67380 -24 Sp3 +3.5 86Xx%
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Charts 1l to 3
Tables 3 to 7

Figures 1 to 9
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Table 7

Retempering Study

Recelver .. Electromagnetic

Identification Condition Treatment Test Reading

“"Code HG" 66117 Unpurkerized +30
Retemper 1 hr @ 400°F +15
Retemper 1 hr @ 400°F +10
Ratemper 1 hr @ 4259F - 2
Retemper 1 hr @ 500°F -105

SA 99987 Parkerized -8
Retemper 1 hr @ 400°F -16
Retemper 1 hr @ 400°F -19
Retemper 1 hr @ 425°F -28
Retemper 1 hr @ 5009F - Off scale

"Code HG" 694935 Parkerized -7
Retemper 1 hr @ 500°F - Off scale

"Code HG" 70093 Parkerized + 2
Retemper 1 hr @ 500°F -~ Off scale
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FIGURE 1

SPRINGFIELD ARMORY - ORDNANCE CORPS
Proj:

19-058-1397/0ORD-60 Date: 15 Dec 1960
RIFLE, 7.62-MM, M14 - "Code WH" #19478
DAMAGED RECEIVER
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FIGURE 2
SPRINGFIELD ARMORY - ORDNANCE CORPS
. 19-058-1376/ORD-60 Jate: 15 Dec 1960 Pr(}j;
RIFLE, 7,67 50 414 - "Code WH" #19478
“ U EIVER
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FIGURE 3

SPRINGFIELD ARMORY - ORDNANCE CORPS

19-058-1386/ORD-60 Date: 20 Dec 1960
RIFLE, 7.62-MM, M14 - '"Code HG"
DAMAGED RECEIVER
After Firing One Proof Round

#73293
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FIGURE 4

SPRINGFIELD ARMORY - ORDNANCE CORPS

19-058-1388/ORD-60 Date: 20 Dec 1960
RIFLE, 7.62-MM, Ml4 - "Code HG" #73293
RECEIVER FRACTURE
After Firing One Proof Round
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